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(54) PARALLEL COMPUTER SYSTEM AND ITS OPERATION METHOD 

(57)Abstract: 

PURPOSE: To execute a different instruction in each 
processor group out of plural processors to which a 
single instruction is applied. 

CONSTITUTION: A microcontroller 30 outputs a primary 
instruction to a bus 31, outputs a coincidence word for 
specifying a processor zone to an address bus 39 and 
outputs a signal AMODE for specifying an operation 
mode to a bus 34. Each processor has a circuit for 
judging which processor zone includes itself and a circuit 
for forming a secondary instruction by correcting an 
inputted primary instruction when a mode signal is an 
instruction correcting mode. The secondary instruction 
can be set up also as a NO OPERATION instruction. 
Since the secondary instruction can be generated from 
the circuit of each processor, a different instruction can 
be executed in each processor zone. 
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(2) 

1 

;i/-r/£4f£Ts*8i©m*f£j£D* &:rp-tyitfc*5 
^ T^e O r n -fc v it 3ft«MEa« £ n*: y p -fe v it <D y ;u 

7V-co:/Pizyit£gW;*i*S;£ft 0 

$ nit zf n ir y v <o 7\zm? z> z? a ± v it \z * o 
T£.i£2n2>'<&ib<$izfflm~rz>n2 (Dm^m®. m 

[HsfW4J fc^P-feyit**, ^ffiCD/tXfcaLTffiffi 20 

mi<»m^&xfniite$&2<»mttmmz&im** w# 

^-r-5^2<Dm#;wS^viT^^^^3 (c§2®co^ 
ft. 

[»#9I7] flfttBft 1 ©m#Rtft9EJS 2 ©»^*i, 7 

1. 2, 3, 4, 5&tf 6CD^nrtU:?<OWcB3S&<Z> 
[MB*] :/Pir^itc97^~j$>p > fr5^jn>fc::i 

(Ofa-tyWjV-ZfiZftmi,* mi<Dya±.yV^J^ 40 

—7<z>±x<?>7niz~,*)-iztt\*m— <Dwm&<fr&mv* 

p -fc y it 3*>— ^co -? □ -t ^ tJ- co tf co <£> 2 cd ^ a 

&lto7u^yV#)V—7<b*<b&7U*\Ly*)'\Zl$ 

U ^IB^l oynir^it^U— ^o-en^nco^2co 
^ a -fe ? it ^ ; y £ -r * ? n -t y it k J: ^ r 3 
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2 

«tofc««*^ ^c^Pi^it^-y^^ts:/ 
piryitT&sc:££&mbfci!^ &tfFfti23?2(Z>:/ 

TV^iV^Xxy^^^-STP—O^P-feyit^Ki 

Sr^^^^yPiryit^acOT^-^^^^^J^^hr 
rL-^X^AK&^T. iftgB^PiryitTU-^&co 
^•p -fe y it CD 6 nfe^P -fe y It CO V)V-7* 

3r£*i, ^o^p-fey-tt^^sn^^'PiryitcD^ 

1 <&m*tfcj&«PT*#K£, £ ffr compote 

^fT"r^^2^:&<3^:i^^$r, =&^P-fe y1ti7){fl:!STP- 

*;nc^T^rc^jc^^p-t>yit^^{c^*n^^ 
□tytt*t^sa^p^yit^;v-^jiTSJ:<i:^ai 

[gt^io] ^^p-kytt^, n>HP-;Ws}&^© 
Cfflf^JKl 1] HK, ^$n^yp-try1tO^-y 

»cm-r^^p-fe^iticj;oT^sn'5^jcK^r-5 
fe^^o^ o ^^ff-r^^ 2 ^w^^sft^p 

•t y *tt $ n^c ^ p *tr y it ^i-- ^tc® f -5 n t * 

g»^31 1 1 fCK^W^g. 

CS^^l 3] W8BP-*;W^2^:WJa:#^OifiEtC 
<h^^, -en^ ^Piry-ttTU-^CDS^^nrc 

yp-tryitic.koT^ff-r^^gfuv^^&^'rsfe 

Cst^l4] ^KD^^ScCDyp-t^it^;!/-^ 
^2com^^yp-t- ( yit^-ytcPTa 

zf p -t y it \z i; -3 i:fn-?n^i u , 

&yp-feyitfC*3tt«> 2$&tf3.-to^o>u*-%)VU£.f& 
&ftlbo1Ztt+ ^OyP-fe^itdWUTVi-5^^ 

aj^n^^p-t^it^-^ mm^rr^2(om^ 
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3 

^9, 10, 11, 12. 13, XtfHOl^n^l 
<o :/ □ ir ^ -9- ^ )V— ~f<r> -J a ir v if co ^ co^gcooai 2 co 

#2&lft£#^£&;/Dlr*y1*K::fc^TD— X)V\Z&.f& 
y 2 cD^nir-/^^-^^M*r<& z\ ^mmm^ 

[0 o oil] 

ft^fc&dEb^*ffr<bfc«&fc#— tfl>^»E (single 
inslructionstreani) &fflV>-65g^Jn >tToL— ^tc»^g 

[0 0 0 2] 

^ a * ^ u a> 6 <dm— &&mo e> — m \z— -d^ x & 

CPU) *>6i^$nT^fc. Z\tiY$M&M&— ^Dir 

[0003] c^cfc^^Tyn-^^^^ia^TJafiS 

^^•^CO.^^^fT^^nT^TV^. Z:ne><0^gfcT 

mz7nizyv&&<D&m&&m'tz>rcv-zu<, 

©&8xU*>Mcfig#<*ns. cco^^^ryn-^ 
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4 

(C. Mead and L. Conway) \Z&%> "VLSy^fAA 
PT ? (Introduction to VLSI Systems) (Addison Wesle 
y, 1980. PP264-265 and 273) Rtf^CTgiffi 3*1X1^ 
3£ICW. t'JX (W. Hi Mis) \Z&% 

"X*&isa> v->— >" (The Connec t ion Machin 
e) (The MIT Press, 1985. pp3-6) RWE" £ TSIffl 3 

[0 0 0 4] $613, «t0*fjfflfififfl©?fl5^7-^x^^ 
■VtLTte, MIMD (Multiple-Instruction Muitipu 
10 le-Data : aft^ac*^— ^) ^A^OSftl. 

<0!l*.«, ^9>^<h^'J7^ (Hwang a Brig 

gs) £££ "a^ta-^y-^f^fftwr 

(Conputer Architecture andParallel Procssing) (M 
cGraw-Hill, 1984. p. 26#J?g) . cnttV)<0*»OW 

£^&0fl§&S-r lEfrte (Concurrency) a* 
[0 0 0 5] L^Uj^MIMDy-^f^ftlCO 

co*<o, %u%mm<»7u^yv\zm&^%xLt\z i & 

^<o*WtPlttl:4j«l/i&:»jn(a:6a:H(!)T, 

[0 0 0 6] Z\<Olz*b. SJfi$TtefflSnT^&;*:&« 
&^JrJ>t?;x-^CO£<t;i, Vit)t0^SIMD (Single 
-Instruction Mul t i-Data : ^— tit^fflk?—*) tn 

i*nz>mm\zmvT^z>. ccos i md:t— 

□ *fe y IrI — (Dtit^t *mZ>Z\£\Z£~? T&mtji CO £ 
Atf, ^C07r>»7>^i:^ijy^ (Hwang 5 Br iggs) 

ici?, ,, 3>tr^-^r~^-x-^5 i «v hm&mw (Co 

inputer Architecture and Parallel Processing) (Mac 
Graw-Hill, 1984, p.24) ^fcTh Inking Machin 

e Inc. CO Connection Maching CM-1 (mi^coX^ "The 
Connection Machine" , The MIT Press, 1985, p.21# 
W RtfMasPar <D MP-1 (>?x-< ■ T—)V- ZZZDVX 

(L R. Nickols) \Z&2> "The Design of the MasPar 
MP-1: A Cost-Effectively-Paraliel Computer" , Pro 
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c. Compcon Spring 1990, pp. 25-28^88) U£teZ\<Dfa 

[0007] iai 2\t, tomtom— (omtwz^xmm 

• (W. Daniel Hills) fi&^«t^> 

•tJV^'JEI&j £^5£ffcO'£miS4#ff4, 709,327 
(1 9 8 7¥1 l£2 4B3£fr) fcBBBSnT^afc© 

te, mffl3>tfa.-^7 l 0, v-r^ar3>r*D-^7 
2 0, &^Dty^71/-7 3 O^e^^nt^ 

&<D^O^y1*-7 3 Sri^ftO, -tn^tl^ttttffl©^ 

*7 1 0^^®-g^ST^n^7 5>^^ff'5^XhtU 

^ 7 2 0 teAX 7 2 2 ^LTr/a-fe-yl^ U— 7 3 0 
\Z*H,*V1b<fr<OM— <Dffin& mS$\ZZ\(D~?-( 2 
□ □>hD-5 7 2 0«, THPXA*X7 2 4ICctoT 

-77 2 ofCctoxif>y;i/$n^o co^D-feyitr 
7 2 ojfr&issnT**^— cinia 

CO 0 0,8] S I MD»7-^T^^tli^Dy75 

m<D&\Z^>\,*T*mt}T$>Z>. C(0<k5^yDtytfX 
UfSU«v-f ^aa>hn — ^JckoTSK 
i$n57*aty1f7l/-<l:bTM$n^. 
CO 0 0 9] 

raWrtTOftbi-StTSBWBJ SIMD7-^? 
te^£olzT^-f$<D&8;<D7u*tyV\t (CtaH 

?MZ bfc o 5V ■te-^;i/»c-r*ffif«&a««ifca- k 
l/tusk Jlco^a&iaa^OcD;*-— A— ^..y Ka*fc 

Coo i o] nt>\z. mt£<p$tii$:mflste^'7n*by 
coo i n «8HKo@«ra:, ¥-©^»£«»sn 



£>CDM^J:3 >tfa-^v'7TAS:^T^ui:l:fe^. 
[0 0 12] ®ffr*tt«#M&3 
^ a ^ ^ gpo -fe -9-06-^ <t 0 

[0 0 13] *^0JCD$6fC^OB^«, &gt<0ifc^ 

^L^:^^^SH«^c?>#^i«^^:^^^$||ffr'5 
tS^lC, ®mZ&^tt&^<Dlt#><D&m7u^y 

[0 0 14] 

[^^T^^T^fc^co^g:] ^D-byitTK^ 
zf a ir y if \z& ^T7-f £ a u > h n — ^ frt> & t> nz> 

[0 0 15] — 85<oya-fey^O&4r|ci5i>T, 

[o o 1 6] 8tr&<7x 3&r/-tnjK^oB«i» &m 
m\tm. ^tic^<, *f*ufciaK»c*sn**»M 

[0 0 17] 

[0 0 1 83 0*>XfAOHfi»ara 
O^D-fey-9-4 7 ©— JKWfeWW 
07KUX^a-yh (ACU) 5 2 
O^-^'JO^-^x— X (MEM IF) 5 3 
Or K UX-gtte]2§ 8 1 
0**«jEE«88 2 



^ Hilt -^--^fSIli^ic^^n^^n-tr-ylfTU 

SH£ftlC^U£:fc(7re&£. cn^SlMD7-^ 

3>t!a-^20, V^^D3>hD- 7 3 0 > 1§S1C 
M$n&7'Ptyt4 7CD7*Dtyt7l/-4 0, 2fc 
M^^'JEXTMEMS 0^6?5:^>n>tr^.— 

[0 0 19] CICKte, 7H 4 O^KD^n-fe-ylf (hb 

50 <Dmz-m\zTgrz^. 
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7 

[0 0 2 0] ZJ>t:a.-*2 0teiJUf!**h:3>e;x~- 

CO y D ^ 7 A KUl— tf-coffi^fc^jfc u xffi&ti&PJ-M 
frizoT^ny^a >^^tx«5 a p>hn-;i/MX2 l 

-73o«, 3>trrL-*2 o^6^>t^n-£>^jK-&3g 

3>hD-73 0^/U (I) 3 1 £^LT, Z?U 
4 O^O^T^ynlry-9-4 7iC> &J5fcb 

-#tfr^£ ^tfKO^-^A'X (D) 

3 2te, 7P-4 0(*Ico-r^Tco^niiy1^tc^i^$ 

y : -?<DmJ3m\Z<£.m'£nz>. 7HI/7/UA3 9H 
yn-feytJ-T 1^-4 0 l:^UT7 H l^X^^A*. 
7 FlxXAXCOffi/£K^TcoPbV>S&^te> &i£-r 

#m £«t)-r x x-* ^ raig £ v-r z o 3 > h d - ^ 3 
«7"Dt7D-^?», -^n-^np^cox^ ^xy^y^ig 

^^1 , A>mf-^x;U3 6 ±Kto7j3i*5. 
Cia bT\ &:/n^-/^<ax^— :?Xff?g£ v-Y^nri 

>hO-73 6fca*rT*. V-f ^D3>hD — 7 3 0 

tt, ±T(oyni3^lt^6>coxT---^X7^^ r <ofilictt 

ofcttb^afctaw-fci tr-> hco/N'XT&o, 7W-4 
Oco^^^rTcoyp-fe^-y-co^n^ncoi fcfy h<ox-r 

[0 0 2 1] 7'D'fe^7l/-4 OlCj^THlfT^ftS 
D-fe^tf-COl*!® (D-^j;i/) (INTMEM) 4 

y#\z&mizmti±n>i&* : ev (extmem) sou 
#j$$ft<*>. nw^^eyoi^Rtttt, ^Dtyt4 7 
te#£b<tem^®&£$ft£<oT* -ecortauT^RA 

M (Random-Access Memory) StfROM (Read-OnlyMeo 
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8 

ory) tLT^TtSgWK^ntV^tl/^f^ 
l>£<t> ^JC^nxhT^^J^^^U^IS^^^i 

^ncoyn^ittc^jo^Teft*. T^n^cin^co 

[0 0 2 2] ^?D:3>hD-73 Ote^ffib/^ 

t% c:ne,<o^D-t^-y-co^V'^x^> » ; eu4 

[0 0 2 3] ^Si/ : eU5 0«fa7J^-hM7'T 
-f ^D3>hn — 7 — 3 Oil, 7"Dty^7l/-4 0W 
*fc#fw> 7 s — ^/^X (D) 3 2t)7Hl/X/U (A) 

a? 3 9*>^gM.e'j 5 oizni^x^mm-c^^^o^r 
PllH:7 , Dt7U-7U-4 0tt, 5 s — ^SttSM't 
U 5 0K^A£fc&CO&g<ax-*A'X (EXTD) 5 
4B, &Wtti<07KV'*AX (EXT A) 5 4A£*T 
bTV>£. £n:J>hD — 73 0 <J:^ r D-tr-/'y-7l^ 
-f 4 Oaftar^&EBftCflBM^y 5 0"\M&*£fr 
^ ili-5/Q^^7^<*r/i:i6IC> Xt- *X/\*X3 

0li7'nt'^7^-4 0#3B£HffLT^*»«s«># 
&K.tm&£fcJD> H^^^EU 5 0^C07^irXC0pJS 
30 &Wft'?Z>& J 5\Zte^T^Z> m 

[0 0 2 4] d<OJ:5£:S I MD (Sing] e-Inst rue Hod 
Multiple-Data) 7— ^t^"? 1 ^ TCO^Jn > tfzi.— 9 

±T<D7n^yV\Zte&ZnZ><D-Z±T<D7nlzyy-4 
7 \Z%ft^T*Z>Tcib<7)^&5-Z_Z><D\Z. r/U^LV^T 
U-4 0C0^(O±T(O^D-fe-/^4 7 \Zt^1t—&<DV 

-fir- (#^axi) ^ws^snxv^coT, 

aWBJJiUcfc* H £##SE$ft£>. 
[0 0 2 5] fi£*aeWTtt* bJO^b^:^^, 7*D^7T 

tyWl/- 4 Oco^ J <DS^ ; 2>^t?CDynir'y9-4 7£ 
7*n ^ 7 5 >y t ^ t V^S^CO^fjTi^. S^T^ 
^><0«, fc5ibfcift^£#gfT"r£a\ X«^fe^frb7S: 

^ (Kjf^^fTJbn^vi) s^^tT**. ba>*>, ^-n-? 

nco^Dir^+h^^to^^^fr-r^^S^^ Cico 
^C0^ff^»C> ^^P-fe^lfcO^r^TX^U^X^ 
da^T) tc, l (^to^niry-y-TO^^co^ff^ 
-f ^-7*;V»c*rs) x^o (^(O^niry-tJ-uo^^r^ 
^ffSr^^-fe-^Hcr^, XttSftf^&fr*D35:Vi) coil 
50 ^S^^ir^^e. c^*a«-cttc©J:5a:» 
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9 

[0 0 2 6] ^^jT^dCD^^^L, S I MD<7) 
[0 0 2 7] £cD2:&f^kt :/DiiytHC<fcoTJIte 

9 5*. wC0 2^^^<5JO^t>^f7l/^l^ 

(NOP^) dCDW^fi^fJ, 

7 \Zttfe2tVt> ^Ottfg^M*r-5^S(^r H 
UXAX 3 9 t:J;?Tfe^^7Hl/XifitAMO 

DE{g^3 4 Kcfc9^Ae>ngM^-K rawest ^? 

cO^O^ftte, 7HVX^H/U (AMODE) 3 4 

4 6te> T-T^Dr3>hU~^3 OIC^^T^n-fe^tJ- 
7U-4O©^07H1/X7yf (99 (EI6) ) \Ztt 

[0 0 2 8] ^IC^UT^^£D^H^C0%A^^^ 
CO^E — KTte* ffrf}7\*X (I) 3 1^LTY-f^PD 

> 3 o^£«i£ n*:i£— <*>— ^^e>ta% 
ct^pitg-rf^^,. si i iz^tLztifc&m-zte, fis^ 

4 0 l (i^ntyU-71^- 4 OCD^Tf^ 
^TiC^ff^n^^OVty Ell lK^Ufcd© 

-&^^^X, ^'J^^-Jl/CO^ (EX-OR) T^S, + 
mm 4 7 5^- (MH) 4 7 7 £U5-OCD2#; 

^^fff * (+Xte-) 2 51:101 Ote, ^Jg^J05 

[0 0 2 9] ^^oo^Afc^$:#A^fese)ic:> cicon 

^ 'J ( I NTMEM) 4 3 2fctfftffjt%U (EX 50 
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JO 

TMEM) 5 0 IC»r*r HWXftf^lCtt, 7KWX/1 
X (A) 3 9 tf&£tt£4MSn£ 

i9M*AX (I) 3U^UT^ntvf7W- 

2MM*©*— ©7 H UXflgAttSfiE© A L UX« I /O 

[0 0 3 0] 7K^X/1X (A) 3 9te-t©£T 

fcfr^D-feylM 7 ©*HHT«7 h>X0Dfa- H@j 

CO 0 3 13 ±E«XSje*W'<*j:i:fc«fcoT, 7 HI/ 
X/tX (A) 3 9fct£T©:/D^:ytHC&j&$ttTV>3 
*>©©, yDt7f71/~ 4 OjSM^r'J^JBmb&^tffr 

<£>. Z\(DZ\ h \*& < <Dfis^t\Z-D^T& £ 0 "5<5. ^tt 

/IX (A) 3 9©rt&J&t**U#J!B£IW^LTt>fcUfg 

5. a*4>9raC£t>TI;t, CO/US. 7G*te-:P© 
**«fltft»^)7-*?5r^ir (SIMD) fc;fe^T» 

[0 0 3 2] ^Dty*7I/-4 0^%U$I«£fi 
X/tX (A) 3 9€tta-f>^-5^hT*5ttt^ 

Hl^X/tX (A) 3 9©f*3$«\ E<D* 

[0 0 3 3] c^jc^fen^o^Baafc^priBfr 

7HWXAX (A) 3 9Jt©7KVXte. J*} 
I NTMEM4 3XUWtUEXTMEM 
5 0\ZftWL2n*mZ5y?-t<tlZ 
^9 9) . :Outtt^©t^->3 
[0 0 3 4] H2«01 ?£3®#-r*C0fC!ftii-3»ri<^>^ 

3 0»CcfcoT^J5)6$n^^<0^'f 3>3^-f 7if?2* 

^^Uy^^PHI 1WPH I 2 t)R|l^»Cw"r. 
C:nfiS^MCfi75:e^V>2ffi^n'y^T, SK^-Tcfc^ 
IC5 7!;S1 0MHzO«HO«»ft^T^5. 
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(7) 

11 

[0 0 3 5] 7H^/U (A) 39±<Dmm\*G>7a 

x -&®& \z £ o x&m $ n* :/ o -t v vmft <diz tb <d 

[0 0 3 6] -^fi^A'X (I) 3 1iaoTg 
mZtlZ. lfr<£A'X (I) 3 WtZUyW'i >7)V&7 
^e,12^i:»I (valid) ZUy?-* 
-i 0 )Vifi 1 *> 6 E.tf 13i»6l8 ST^M^^I 10 

(•Tfcfc'fcx^T^-f K>h**7) ®2 

2 0^6 2 3 IC*5V>T, /W OTfcib^l. COXf± 
#£5IUTIE»3ffi-ea&5£iEJrr*>> Och^^T^-T"^ 
^t^i^XhO-^^ (INSTREN) 44^4^. 

[0 0 3 7) 7Hl/^»«l:*[t*^hn-^tt 

(NEWA) 4 6^5. 
[0 0 3 8] 7 H l/^/U A±©7 H 
£8t«7Hl/7t-HfS^ (AMODE) 3 4 (ftSfi 

tt, ^Ds^-fr-f 1 2&tM 9*^2 4{C43 

[0 0 3 9] ddTg3££nfc*7-T2?o:3>hP--- 53 

dOOZl>hn-^3 Ote, ROM^PLAH^ JO 

[0 0 4 0] *£JSWCtt. ^K^freft^fEOv-T * 

15 1 



#SPM- 2 9 1 6 5 9 

^D3>bn-73 0*^^/U (I) 29£5ioT 
^mT^-^:#^«triy h^2 9 hT> fcf<y h 0 

£*T£. Otitic. 7KI/X/U (A) 3 9©tTy h"(SAt 
1 0 fcfy hT<fc*t<KjrrS^ *^ttin60&I 

m- \z £ c <t fim -5 &t ^. 

[0 0 4 1) 0^a-fe^it4 7<o— 
S3te, 0 1 0^Ut ^1t7l/-4 0 1 ^3©^Dt 7 
-tf-4 7CD^^J$:0^&«J^^Ufe^Dyi7^Ti? r 7A 

*7l/-4 0H*><t>*>4):/iJ >KlEl^«^^-Ci3 

(WAtf, fffifctitf) W. Hi His O "The connection mach 
ine" TttWSnT^S. i|tJ>£L,*: Thinking Mach 

ine Corp. teak's rconnection Machine, The MIT Pres 
s, 1985, p. 21, J. R. Nickols Z> "The De 

sign of the MasPar MP-1 : A Cos t-Ef fee live ly-Parai I 
el Computer" lC*^TW9J3*vrv»45, MasPar fci*M 

[0 0 4 2] 7n*tyV4 7\t--D<D±&Uyay2V 
feSjfiillZyh (PU) 4 2 tftgO^rU (INTMEM) 

©7*D7^, **f>&m3.— yh (MPU) 5K 7H 
UX-S^yh (ACU) 5 2, RZtt^V-l >*y 
x-X (ME IF) 5 3H^ntl^. 
[0 0 4 3] Y-fi7DD>hD-730t:J;oT^$ 

^©7*-7y Mete, tCTrVTck 5 fc, £TF£>ia 

[0 0 4 4] 
CSS1J 



INSEL OUTSEL SHIFT IO F REGSEL INEN OEN ALU 



[0 0 4 5] ALU :m^E<D^^\zm^X, 7"Dt 
yVV>W.ffi&m\3i1& (ALU) 6 7 (04) K«fcoT* 

[0 0 4 6] I NSEL : ALU6 7 

[0 0 4 7] OUTSEL : mt}±ls#?6 8\Z£*oT 
AX 1 0 1 1 0 3 <Dlj^ A L U 6 7 0>&##<«ig3 

[0 0 4 8] SH I FT : i>7^-6 5IC43V^Tff^bn 



[0 0 4 9] IO : yD-fe^*t^«a«Jc«fflT*& 

aexDi/o^-h (6i-6 4) zmft-rz. 

[0 0 5 0] F:ift©iMMfflt5M7 7 

[0051] regsel im&vmtfKDMn-v&m z 
n*^#f*iSBi^x*7 l^jg^-r* {s^i^«2 

[0 0 5 2] INEN:A^^7"mi8 1 (121 
v^-^AX (D) 3 2t^Dt7^»UL (06) 
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(8) 

13 

[0 0 5 3] OEN : UJ2K *->OH 8 3 (03) 
[0 0 5 4] 04H m 3(D?Uy?i$r-(7?7&\Zte 

C. Mead £ L. Conway "Introduction to VLSI 

Systems" , Addison Wesley, 1980, p. 169#fl8) (D 

H/U (HB) 10UL/U (LB) 10 35^ 
LTViS. ftg&f^AX (I IB) 10 411 #<frAA 

(i) 32 (si, 3) ji\zft&-r z>-&&^x\**n 

J)^7H UX-§*[eI& A C U Kcfc T^cDck 5 Kiz:#: 
[0 0 5 5] >co^^^>HAaa«^^Sn.-.v 

h (ALU) 6 7 tC*5V>TfT^n* a ^COQ^H A 
X I I BA^Hl 3 5^LT4A6n5ALUI:^t 20 
Z>AJ]*^7>F\Zs 2^0^f-^/U (HB) 1 
Olt (LB) 1 0 3^e>A^*fel^^^6 6!CJ;-pT# 
ASn*. ftSMHWZI IB± 

fwS^fljtofc— ^^X«2^^<D^C0 INSEL7 
^-^rffcfy h 1 2 4{CcfcoTfr*>n*. fr<ft£ft3 

UTSEL7^-JI/H0tf7 h 1 3 9 fccfcoTrr^n 

[0 0 5 6] i/7^-6 5}t rtS5f-^/UHB, L 

LUCOlOOA^imsCt^S. zsyhOJjfa 

(£, *) , *>7mi (try hwsra , &tftefc> 

[0 0 5 7] $^0-fe>y-th«4^)CDXm77^~hl-4 
(04 «^**iB*«&'5©&jBtt*&*&lc, 
^-h6 1, 6 4£tt£^L'TV><£>) ^LT^Dt^ 

-*m±<Dmm** 2X7£mumE*R (mesh) co*y hy 4? 
&#ot, 7 s — ^u>^#i i 4«4^>co^-^ »;>^ 

10 1, 10 4^6^. L7&>U dn<fcDt>&$i 

[0 0 5 8] Kth^ffi^ffcCDfcJ&tC, ALU<D*<<y> 



^MV4-2 9 16 5 9 

vm(DT-?v>2m \ 1 4^co^^~^ ! j >^te->'j 
[0059] coffsi^wtfi^tit cne»co 

7*—* U 1 0 1 , 10 4 !45K2FfiK f &fc>^ 

mo^r^fe^— ^sssr^td^tgt^s. erne 

a>Atf573#-S6 1 6 4 H rtlf&T 5 -* AX 

(hb) 1 0 i±i:gWc^5^5©T-^y-x^ 
e>m-^-f >i 1 3^LTf-^i&§^5^t^t 

^StfbtC, ftgBT 5 — *AX (LB) 10 3K, m# 
2S^LT^-^^iHT^CltfcT^'6. 

X— * >J>^104, AfcBTJtf- h 6 1, D-AX (L 
B) 1 0 3, Rr/A73irU^^ 6 6 £^Ttf&&£i!b 
T, ALU^^nS. Pl^ft, ALUOltl^ 
tot, mXtefo-h^VZ 5 6 8, /WAX (HB) 10 
1 * A£iJ73#— h61, * y>^101 £<^tr 

^ui ib (104) ±fc^^^«m^^oi 
1 1 &ttbTv>raa>©AtHa#- hfct^a, e 1 \z 

[0 0 6 0] A LUfcioT^fTiS n*«l*tt, 
^ U-^A*6 9 0l*J«l:fl6-3Ttt«)6n-S. £ 

<nV*J7s9 6 9&HAX 1 0 l^eilrtSii:^ 

y^CDLA'XlOSCtBtSCit). feSVittfl&CD^D 

*I:l;U1 0 3 <LAffl73#-hfc<2:;Ltt6 l^LT 
teco^n-try-y-ic^rsctt)-e^^. y 7 v Visit 

h0Dto@!5fc«, rtSS^/UI IB (10 4) ±C$>^> 
4t<fr<DF74—)\,\* 1 49ltc±:^Tl2^$n^, 
^U^X^69(D^Slt'yh (SI) 3 6tt7*Dty 

y bT«5J; , 3tc:LT , fc<J;^. ft^oSBTtt, SIMD 

ty^7l/-4 OO-r^TCD^D-k'y^O^Sgtry hS 
lo^n-;^7'Tt-HAND^v^ ctxtwcfco 
T#£n*3r#<Z>#8gtfy KSTfeoT^D-A^frfSI 

3 on 0ij^.«yn-/N*;^«fiSt:y HS£i*->:/u> 

^•T^^miiLT, it07'Dt7^4 7^g^t 
[0 0 6 1] ^■7'D-t:y-9-4 7\Z^<*Ofr<D7s*y?2 
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(9) 4-2 9 1 6 5 9 



(9) 



9 1 6 5 9 



15 



(INTREG) 7 1* 

zz>. nu\si?7.$m7 niHAxi o i^ssew-r* 

U6 7^nfcftl;, L/Ul 0 3 lC§i£ECOte£j& 

m&<Dj7&l\Z, ftg&ifrfrAX I IB (10 4) ±\Z&Z> 
^©^0REGSEL7^- JVFCOh'y h 1 3 8 ICf2 JO 

[0 0 6 2] 07KUX-Sa-y h (ACU) 5 2 

— &[eJ&8 1 , tft<£*£lE[§]g&8 2. tT'O-fe-yth I D 8 
4, StfT &VX^ (ACM) 8 5T&£o 

[0 0 6 3] ^ntyltlD (»SIJ) W^X^8 4Ji, 
1*4 7©ftaW)S7 HUX**tr^< 

CtlttH 5 Tl4SS*dJ L/**a**«T*5 l/^^ 
*£UTj*UT»**«» ROM (cnfi^7y^/^ 

^CORAM (7>^A7^tX^ ; £'J) ?W£:bn<5. d 
©ff*bV>*flE0rai, ^Dir^itOLA'X 1 0 3±C0 
X— *#2X;£ftAX 1 6 8£?>bT§i*&£ft<5. ^ 
K/UI IB (10 4) ^6«m7H^5<> 

1 6 7 (cj;oTm^$ns&©iz^tt^, r/O-tylM 

Dl/^^8 4|*I0|iSPROCIDtt, 7-f>169& 
^bTTHUX-Sc(HlgS8 l^$n5. 7aizyV 

I D & 8 4 iC^UT^ff)* tl£>gfjf£ (fS^ttiU 

§^&#0 C0Sgfte> fft<£/\*X I (3 1) *>s^n* 
3>hD^7-f>l 7 0<Z)^i:J:^Tte$n^. 

02 6H ^D-feyl7-IDl-^X^8 4C0Att^m-^* 
^*T. B5fcMl,TB29§l/Jfc,fc'3K:, CinttRAM^e 

x-^A7JD i n 1 6 8tt$j2lSa-5/ h 5 1 CO 
(10 3) ^6^-Ae>n^. t*M*|*jcot^ 
MNEN181 (06) *tA-f©i*, 40 

A^JAddr (16 7) fciO&S*!, dcoArtfct tfo 
^/U I (31) (^)REGSELtf7h^m^n 
5. R/W{|^1 7 O^AX I A^4A.e>n5. J|C0 

u t *t7yf^n, m^PROC ID (16 9) £#<7> 
aiz^VTl—4 Qft<D*rti j en<D7niryy-4 7 \Z$i 50 



16 



n n e co tt&#isHa ram \z7u-ty wmmwfe rvu 

<D\Z9c1£-dT. 7-f^Dn>hD^73 0i:«toTa- 

-tyV^CDyuily^l Dl/^X^8 4 COI^T^CO:/ 

U-4 0^^^>^co^^^^S:^a6^oofc:^ 
ftHeSSTCfc-S. ccor/p-try-tf-i DC0lx>?X^8 4te 
^ ; E , JV77 , $nT^<T CTftfr^S-^D-fey-tf-rt 
«^^eu4 3 (01) S7Hi/^n©i:«fflt* 

7HUX7039IU7T7 FUX£n*0>fc< 
T) , ftgBtft<$7\*X 1 0 4±lCfc*<*H*-C0*C0REGS 
EL^-^FftcOtfy hfr*>UZ>7 Hl/X«l 6 7fC 

[0 0 6 4] PROCID7<>16 9±me,nfc 

hn-7 3 0*^^^nfc, 7K1/X7- FCD^#C9 

^Tfrfcn*. 7 1 ©Mifm* 

0DEm#3 4tc«t«3Tasan-5. 

[0 0 6 5] d©©^AMODE©»«|»ftasr*. £ 

KSI^A N D o 
[0 0 6 6] AA'X±07h>X7-HtyDt7lM 

£CDU>?X*8 5lCteL/\*X 1 0 3 (S4) ^^18 
4£^L,T^-^gi*&£n> ^LTCCOF^te^-l* 

>i 8 s^s^ki^x— &isn»8 lir^tbsn*. c 
)\s5<i > i 7 i «^«^a'x i e>aga>n*. r h ux- 

&HJ&8 1 tt, -h|BJt«OlS*ft, ftfflWX 165^ 
L/T*^tfiElHr»8 2K«W&-T*. £C0ta]S5te, yi'^ 
Dn>ha-^3 0 (mi) *6W;u I (31) ± 
fC^A6nvt-#ifo1*£, 7H1/XAXA (3 9) OS 

-#JW;:^r3&fci*M* On&ifo^) t, £nii«ll6 3£ 

^l/TM^A'XI IB (10 4) (04) Ki£e> 

ay2lZ$il,T&m*?2>Z£W&Z>. 02 7te, 7H 
^X-gVX^l/^8 5CDAffi73f^£^T. 0 2 
6£gfr0* CdlC«U^X^«— ^L/35^WCDT, A 
^38^^^ 1 7 7 00^^^/^! (3 1) COR EG 

sELe7h^^e»n^. 

[0 0 6 7] 0^ : 6 , J'f>^-7i-X (MEM I F) 
5 3 
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(10) 

17 

(B3> ^aw^eu 5 o (eh) o^rnfcffiffl-r* 

[0 0 6 8] RAMWROM^MlC^fflTtS^ 
X 5 3 WO^fiM^EL) -f >^-7i-X 5 4 $^LT, 

ZKon&^'J 5 0fc7#irx-rsEfc*«T#*. -co i0 
^ i £ , J^>^-7i-X5 4l4n«««J 5 O'ME 
SIT* H/Ul 0 4 9^^UTS 

^O^-^KJR^F&lCOn^-^/N'X (EXT 

d) s^Di^otn^^uso^^ns. ^« 

K^oT^^U 5 Ort^x-^fcSttifcO, ttl 5 
5 tL/U 1 0 3^LT^D-fe^1^4 7O^0P^n-y 

^n^^'JSOMg (7 H VX) tt^«7HI/ ^? 
X^-T> (EXTA) 5 4 AlCJ:-p-CgtJ££n<5. CCD 
7-f>5 4A©^t THl/X/U (A) 3 9*^7 
t^U'^775 1 9 9, i*3«57F^/U (Al) 4 1 tU 
15 3 fc*rt-lyT^7tsn*. 

[0 0 6.9] fflaa=-;h4 2 (03) ^K^/tdcb 

>^"-^x-X 5 4 offiK h^-f Xf- Nr- 
&rtyy-T*l. 9 2&tf]ftS&tf>7 Hl/X7y?9 9 

[0 0 7 0] h7-fXf-hA'y7 7 9 1 ttBttntaCDS/ 30 
7rAf-^/U (D) 3 2*^f-^^0D-A* 
X10 3K&2IU h7-fXf-h/^779 2ttD- 
/\** 1 0 :>X^A^-^/\*X 
3 2 [c^—^^^-T'Silt^-e^^o un60A*y7 
r icttT^-^^om^te* #<frA'*3 l_fcOA?J 
<f *~7)\>m^ I NEN StftBTJ <* ^-7*^OEN tWB 

v>e»n, itisoOTit h 5 ic^-r J: -5 3 1 
^n, §i8i, i 8 3$^rbT#A6n^>. 

[0 0 7 1] *>XrA7h>X/UA (3 9) ±C0T H 40 

ux;uai (4i) icm^n, m&<D&*>izftm* 

tU'f>^7x-X54f:^^n5. C07y^|g 



#|18¥4-2 9 1 6 5 9 

18 

niT Z> r K UXHtrte^N E W A 4 6 t?nzJ>b 
□ -7 3 01:^-3^4 6^1/^5^. *-f5 
>^tCKUT«, 0 2XfigJ9lC^TJ;^^> *^fA 
7KI/X/UA (3 9) ^->XtAM/UI (3 1) 
<kOft\Z (*:<h;S_tf, ^Dy^^;P0T) 

Fuxwmmn (iztx&puyW'tzjvo-e) ne 

WA<D&^-hatOXy^T5^9 9 ^Sn* <h 

flarr*. y7fA#^/u i (3D ai&flrrsfc© 

tedO&t (fc<h*tf, ZUyZV-l 2)V$) frSTfc 

^ah no^k-fa. Ljfcbfeatfc, w^uso 

lis 7 Hl/X7-;f9 9a>67 KUX/N'XA 1 tiffin 
X/UA (3 9) <D. Z.<D2\B\E<D&fcZM,Z>Z\£\tU 
[0 0 7 2] rtflM* f J4 3 tt, C£>#£ 

7-^*m/Ul 0 lSt/L/Ul 0 3^^UT2^)C0 

i^f-^ttcnewui o uiii 0 3<wfn?^ 

(10 4) ±ICfc5l*Krtf> I MEM7-T— ;H4fc«fc-3T 

usans. ^wi/§f^©ifl<]T7^tx$n 

'J 4 3 0rtffl-eT3-H*n5. 
[0 0 7 3] J^T, 7 H UX-S:tHl^ 8 1 &tflft<fr&IE 

[0 0 7 4) 07KWX-gfc[i]2&8 1 

ia 7 las fc^sn^T h v-^— gjiniK 8 i <D&m\s] 

&T&£>. 0 7 t*W*Llf^#Wfc*^iT, AMO 
DE^3 4tt7<i;D3>hD-73 0^a^A6.tl 

*2 Mv KD«*|T*D, W$mtz2 : 4ca^:3-y3 
0 1 K^TSSOfcxa-hMfcry hOUfAMODE 
0 0-AMODE 1 1 ^tH73^nS. J^TO^SH^ 

«2) \*&m<D&&ttj&\sTz\<Di&f&<Dmft&nw 

[0 0 7 5] 
[*2] 
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(11) ^83^4- 2 9 1 6 5 9 



19 



(11) 



#BB¥4- 2 9 1 6 5 9 



20 



&2 



AMODE 


AMODE 0 0 


AMODE 0 1 


AMODE 1 0 


AMODE 1 1 


00 


1 


0 


0 


0 


0 1 


0 


1 


0 


0 


1 0 


0 


0 


1 


0 


1 1 


0 


0 


0 


1 



[0 0 7 6] ::tij7^t^-/w (/wcKrfio 
madman-) . jKDa^&a^sjcSfc, ^n-y 

ffi^lAMODEO 0-AMODE 1 1 KK-Jft-WlAMO 

DEH#3 4*10 0-1 i©t*»c»a/wt«:a. * 

3*3 



* [0 0 7 7] PiTT«, &3lC*tM:9l;:, AMODE 
[0 0 7 8] 

C^33 



=E - H 
€ W 


AMODE 


* - H K W 


S 1 MO 


0 0 


SM 1 DlCfcNfcTS 




0 1 




« ft 


1 0 






1 1 





[0079] c £t> cmeco^e— ho3£Sjco^t«) 

[0 0 8 0] S I MD^-H : utlH AMODE^ 

-HfcWJK-r*. 7H^/U (A) 3 9 IS 

ffitt©#j£T, *^Dty*4 7©rtffl^^iJ 4 3Xtf 

[0 0 8 1] H : untt. AMODE^f 

<fXk*Dy h£«fr>T. (A) 3 9»M 

A*X (I) 3 1 ©JSKtJl^n*, 7Hl/X;U±^) 

[0 0 8 2] ^P-feytJ-gft^fc— H : JiniiAMODE 

X3 9«, v^^nr]>hn~p'3 OlCck^T^/N'x 
( i ) 3 i ±ice^^ns#^^^fT*r^^-^coyn 



ttfl£*aiRT«[ffl SnTV>*t UT WfcSB^&T X * > 
mWntyt7l/-4 0ic«Ej@£Sn«)lW»c, r 

•feyltl 4 (BIS) (DtfJ^PROC I D 1 

[0 0 8 3] ffrfr^IE^- H : cnttAMODEi^ 

i i<o£^T«i&*. cot- m?fcfc% tH&or/p-feyi*- 
*s->tmiRistu wvwiku&ut, -;M^£«fc 

<o^(D7>r-;Ph*ic^^ens <&4#rb) . cut 
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(12) 9 1 6 5 9 



(12) W4-2 9 1 6 5 9 

21 22 
C0 0 8 4] [^4] 

3E 4 



7 

-KP^fcT .9-8 7-5 4-3 2-0 

y 



7 < 






& 1 ifr<frttIE 












try-:/ 












Be 


IS IMOD2 


PZ 2 


] MOD 1 


PZ 1 


011 


€5 1 1 


0 0 1 


0 1 


1 1 0 



[0 0 8 5] t^t, h2-0£7-5tt«*6 ^7i-X53 (SI6) ^7 Kl/X7<^9 9^1:7 

1, PZ2tbTffl^f.n, t!yh4-3t9-8H fcfcl^T, rtW7H^/UAl (4 1) £;ffLTftg& 

-en^ta, mi, ^2^jE7^-^h'IMODl, 'J 4 am^tU 5 0 &7^tXT50OT 

IMOD2tUTffll^n5. Cc0-=6— HTli* ^ $n?.. tft-fr^-f ;U D y ^ ;W 7 rt> 6 1 2 & 
□ 3>hP-73 0l:«koT^/UI (3 1) Ji'vE a? £^tel97^e>2 4) IC&^T, 7h'^/U3 9tt|U 

[0 0 8.6] EI7&U^4£#Jirr£^ GrfuizyV [0 0 8 8] 07tC*JViT, -&M^CO I NCOl 1 

(DT FlAX-M3tt8 l»Z*5VJTtt, 7Hl/X;U3 9 0 (3 1 8) tt^ttSB^e- H (T^AMODEI 

±^^n;-lry-9-y~>^fflcD7^~;H^PZ 1, PZ ^0 1) OttXIi^DtytS^-H (Tftfc 

*84 (El 5) C5£tJ7jX?$>-5>PROC I D "^-f >1 6 9 J0 tyltTi&S/W "T^^-fe^lta^E— K ("T 

y 4 ))/ K I MOD 1, I MOD2<D£<D\dy b&-& ^t^Dt vtfrtT©*, fg^C O I N C O 1 1 0 \$/\ 

**©0eiEic»ffl-r^€r***«fejgu f^^n&t -ft***. ^a-fey-y-s^-H <-Tfe*>5, amod 

y hTfc-pTr^^^L, y<>l 6 3WT EIWi 0 ) COPSte* SftO-^^Uff StlS^ 

^o-feyiJ-<ote©^ny^fc2Sf*-r*. *^nty*»K:»UT©*, m^COINCOl 1 0 

[0 0 8 7] 7 H l/^HfeOK 8 1 Oi3»I/^TOft teA-f^fc*. ^i^CO I N C O 1 1 0 £ 

«s*S*P-T*fc«>fctt, 7<^D3>hD- 7 3 ^WNORy-h3 11».3 14tANDy 

■3T»^n*OT<Z)^-f3>^&ar*U«:^nttfe5 -S3 1 2-3 1 5i3 1 3^6ftS. A73<hLT7 

09tt, **Jfi«©«lfP»cHT*m-^o, 40 Kl^A*XACDgT<M<ZM Olfy KA0-9 1fy K 

U^^^AfvhT*§. r K1/XAX3 9 1*6 £ a ffi 5 00^ air y^- I Dl/^X^ 84^e,PROCID 

v W-i Z )VZ£\zHmt<t\Z>. 2uyW<>;)Vlfr y-f >1 6 9 &^LT**.sn*:/nlryiM DOST 

66Xtf 1 37&^1 8«, gtj&OS IMD^-H-Cii M^^tS 1 Otfy hP I D 0 - 9^7 Kl/X- 

Stl, 9ttC©J«MTtt*^U7 FUX a77^kW8 5 (05) A>6il8 5^Ut4 

W« (7HUXC7-H) ^tTl^. Cl<Z>ffc$ate£-ifr ^e.tlS7 KUX- &VX^C0ST&^O 1 0 ty hA 

^■it-f^;i/ (cinfi, K/U3i«w^;ko CMRo-9&§fti5, cnic<to, tkuxa'xa 

2fc^JS03T»4^Dy^^^JU7^S 1 2 ©A 0 - 9 <D^<DM^nft fcfy hWPROC I D7 

ST?Oiffl»5^il 9^6 2 4*TO»IIB]JC^«'3 <>1 6 9 COP I D 0 — 9 tf y FOrtO^fSlfy h 

H-^U>mNEWA (4 6) fi^W^'JO 50 *l* fcf y hCD^d A N D^- h 3 1 2 &tf3 1 5 & 
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(13) 



WHW 4-2 9 1 6 5 9 



(13) 

23 

frU 7H^-g[7Xi7^^8 5 (JS5IS) OA 
CMR 0 - 9 My h Otitic cfcrDTfc 2*1*. THUXA 

0 - 9 tP I D0-9O^Ey hte@r£Oit&i|g;&0 

ACMR0-9h'7hO^t^.e7h^0 (n 

K-vUlO-Stt, m.tftfv hAO<hP I DO 
^LtttWNOR^-h3 1 1 fcA-pTfrJbft 

i£tt££tt> ^mx^tf^h (A CMR 0) 
DT**.WO*, ANDY- h 3 1 2 Slot, AN 

Dy-M i 3fc.fc*«»(ojt«'ste»«n*. cm 

^<0«^ICtt, ANDy-h3 12^i^ANDy 
-h3 1 3lC*fbT0£^rf$. 
D-tytMC*V>TANDy- h 3 1 3 0ffl2>#<l £fc 
£u -ecO^to^ttANDy— h3 8 3»C^^T^Xh 
D-^INSTRENt«*Sn, -mCOI 

ncoi i o^sns. d^m^fi, 09(c^-r^a 

CD-gtf^CO I NC 1 1 - 1 (3 4 4) fl^tl^C^ 20 
R ENaVWT&ntOTCO^£C£{g^<S>A< 

5. J^±Oct^lcUT, **«K-F Ctfcto*,* A 
MODEW0 tCte* Y<^P3>hD- 

^3 O3^6g^«tofc— **^ilR3R$n*^*^D-fe 
y^rtTcO^> i^COINCOl 10«/Wt^ t 

^D-fey-y-a^-H (Tfc*>^ amodes^i 

0) ©i^ftt, S«<o-^^^fr*n«^#yn-fey 

^JC^UTCO^., ^COINCO110«/Wt^t 
&m\zr£2>. ffr*H£lE^e-K CTfc*)^ AMODEm 

n&i i) os^k^t^ -mcoiNi 1- 

1 (3 4 4) S^CO I N C 1 1 — 2 (3 4 6) 7&^n 
frt>, ANDy-h 3 4 70Dffl^tt, ?U-tW<DWm 

mur^v7s<D^^<Dm.y^v b&m 1 r/o-fes/uv 

^, mm\Z. ANDy-h3 4 8(0«, 
Tli> ^D-feytf-rottaWJfer KW*co3^oiaTffctf 
•y 2 t '^7->S^7 ^ H P Z 2 ©I 

0 0 U:^b^yaty^O«f (m2 7n-ty9- % /- 
» l;^UT^<gl£lta cn^ta— M#CO I 
NCI 1-1, COINC11-2 G>£j££3j!rr 5fc 

C0^e-HTH THUX^-H (7Hl/X7^> 50 



9 1 6 5 9 

24 

V>n®) tt, *^H3E7-r— JH* IMOD1, IMOD 
2&r^yn-fe-/^v/->SiR7^-;UKPZ l. PZ2 

[0 0 8 93 ^J£lio^0$t5fci6l:, PROCID 
7-f>l 6 9©P I DO-9 tT^ hti^n-fe-y^TU— 
4 OO^O&^PirylTO^SW&T Fl/XS^tt>W 

-/+>->/->a^7><-juKPz lotr* hpz i o, p 

Z 1 l&tfP Z 1 2RtfS&2:/D^y1^/-->3giR:M 
-jVh*PZ2©t7hPZ20, PZ2 1&tfPZ2 2 
UPROC I D/U 1 6 9C0 3^CD©T©tf»y hP I D 
0-2 Cr^^^dO^^yDiryito^SW^r H 
^xco3t5<o©T(4e^ K) ^it&^nSfccDtT*. 

[0 0 9 0] (2)7 K::fcV>T> — Scm-^CO I NC 1 1 - 
Ut/CO I NC 1 1 -2 09±^<7>££>Oit&te, fflk 

WtiWNORy- h 3 4 1 , 3 4 2, 3 4 5, <b 

ANDy-h3 4 7, 3 4 8JC«t-3T?a:SnS. *HJ6 
fclTki, A NDy — h 3 4 7 wtH^jli, :/ air -zircon 

v->miR7<<-)v\ipz ivmi i ofc^uv^n-t 
raaic* ANDy-h3 4 8coai^«, coji##f 

Tte, yn-fey9-co^iS6<j^:THkXcD3ocOgT&t 

o o nc^u^ya-fe^itcop OT2^D-fe y -y-»/- 
->i^7^-^hpz isr;^2^Dt7^;->s 

hoWDMSTtt* SV^tc^-- -/X— ?y?Lttt>XI*SM& 

£SK&#utei*nfctesfc:<r> i , ANDy-M48© 

ffl^l«OANDy-h3 8 1 fC^V^T^Xhn- 
I NSTRENtm^$nT^9 0l35^-r^-f 5 
>^&^^. ^£9, ^XhP-^INSTRE 
N#A<T^JWM©*/Vf£fc*. AND f — b 3 4 
7^tti^ANDy-h 3 8 2UoT^h 
□ -^INSTRENt^n, E19tC*5^TC 

0 i nc i i - i\znvx^vrz.<Dtm\:^'i 

[0 0 9 1] COck^^bT^^nfe— SM^CO I 
NCOI 10, COINCll-l, StfCOINCl 

1 - 2te, 73-^3 0 1 CDa^m-^AMODE 0 0 
(3 0 7) , AMODE0 1 (306), AMODE 1 
0 (3 0 5) , WAMODE 1 1 (3 0 3) tt*>\Z 
A* 7. 1 6 5 SfrbTtfrfcttlEEia 8 2^&£$n£u 

[0 0 9 2] Ot^^IE[5IBS8 2 
I2 8te, *HH£IE[5I&8 2 0&SISI&&-C&*. 
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25 

co o 9 3] z.<D\s\n<DW)m^ -en-encossfF*- h 
»ft>e^^o^^P3>hD-7 3 o^e»M/u 

(I) 2 9^1^T»5-^ttty hl§^2 9 

tttfy hT^Siig^t^. i*]®fC> 
(A) 3 9cDtT^ 0 \Lv 

[0 0 9 4] S IMDqE— K (AMODEIg^: 0 10 
0) : £CD^-KTtetfr<£AX3 1 ±(0— &*fc*aH5-<D 

^KUTfci**!*. Jltf)^— KTH AMODEOOt 
a<A7J2*l£ORy-h 6 1 6 Wt)/W^2.. h 

^-r^T-hcH^A-e i 3 £6 i 2icte» -^-tve 

ntfr^AX 3 1 JhCO^^ lCOtf^hO-li2~28^ 

n-?noRy-H6H, 6 1 6oia^icd;o-r^-y <a? 

tfiEUJCEVi**, F*3g&*H*AX 1 0 4 (04) tC 

[0 0 9 5] l/fe^T, CO^-KCD^tCte, 7U 
-4 0CQ^TC0^airy^a-<rO^^^AX 10 4 

(04) ±K:3m*2&<D«MW;k v<^Dn>ha- 

[0 0 9 6] tfo^&gg^E— K (AMODEI^: 0 
U_:^0^-Hm OTAMODE0 1 (3 0 6) 30 

i5V>Tte, -a^COINCO110?5V^t^oT 
X 3 9 O^iT'Pt y t I D 8 4 (^5 

&ifr<fr> 7U- 4 0<D*O#jg#?C0:/D-fe 

7WuC0-^^^. i^AMODEOl^ 40 
Miftitt*. ORy- h 6 1 4C0tb^«A< tfc 

^niu^TORy- h 6 i ecom^feA-ft^ 

-5. US lTh7-rXr- h F^<A— 6 1 3&tf6 1 

Ate, fflffiOS IMD*-KCDfc*£H«lc, 

3 1 ±C*Stfr^£#&IEL75cV>3;£, W»*^/tXl 0 

4 (Ei4) ^its^igg^n^^w/N'x 1 6 3^t(Eas-r 
a. 

[0 0 9 7] m&2tirz-7nlzyV\Ztt{sX\t, 



4^08^4 - 2 9 1 6 5 9 

-a? 

H*WfiWM*/tX 1 0 4 (04) tt, 7 H UX/U 3 1 

^6j6HDOhr^ boa (7Hi/x/uo±t7 hmm) 

n-fey+McSfT*) <Dfcfy hO*>S2 8 tetft^AX I *r> 
f»h7<7f-M^776 1 3Rtf 6 1 2£*rLT4- 
*£>n, fttiM*0fc?y h 2 9ri>S> 3 8te7 K UX AX 
AOI*|§l:J:ot^5ns. iiUDCOtf-y h«> 7KI/ 
X/U3 9^f»A'X 1 6 S'Nh^-fX^— hA-;77 4 
9 2K£oTf£i££n, :o/b77 4 9 2ISAND^ 

h4 9 5«A^tlTAMODE0 l&tfCO I NC 1 

:/Dirytrfc:B^TA<T&£rtt^£te, S^$n^7' 
Pt»WMT*5, 6 3tt^U>J 

:J-;KDift<£AX3 9 JzDfe^^ he**l£<&ttnfcrfcS 
r (®^co^STte3 9 tfy h**2 9 hfy hT*5) , 

[0 0 9 8] CO I NCO 1 1 oft-^avw <Dt$\ZtZ 
i&JF<D®9\ZWrzt&W*&m) 7H1/7AX3 9« 

a*. *&w<Dmftx&z~&7u±x\zmmis?tmmz 

fa\zmzwmi'ft&-5\z, co i nco 1 1 om^w\ 
< ttzz*r\zte. r^j torvvxtirnxsmzvy 
rztir&o. 7y^nfc7Hi/XA*xAi±icf4@ 

[0 0 9 9] (AMODElg^: 
!£)_: ^©^-HTttAMODEl 0 (3 0 5)fg-*t 
teA-fT&S. C©^— K-Ctt7U— 4 o^co^sn 
fc:/n*yiHZ*#-rs^-f ^nn>hD~^3 0rt^£ 

ffifcfrfcft^i|ite£^*— COtft^T&SNOP (No-Ope 
ration) tfr«fra*#*_S>n<5. ^n-fey-yoiS^tt* 7H 

Coioo] S^$n^yoiryitfc*3^iTtem^CO 
I NCO 1 1 0#Vvf (f©^-T^>^0 9 

t^^l^co i nc i i - 1 m^cDf-i ^>¥tmc 

A MODE 1 0MCO I NCO 1 1 0 te<h t> KA-f 
£>T» iin6com#^A7j$n2>ANDy-h6 1 5<D 
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27 

*-7)V£2nz>. cn6oH5'f;Mi^u i co 

^£&J*P££*fB3A*X 1 6 3^l/T»^/U 1 0 
7 3 0 K <fc o Tfil 3 n?t-^^ ^^fr^^^Ct^ 
I NCO 1 1 Ott/W £fc*>&V>#, CCD#S^ AND 

y-h6 1 5cott^^^-y-i'^;pco^w4 i (0 9ic*5 

HT, ^ND-^INTRENJ&tP-TfcSOT 

<D\-fttAU— Q— C0££T&0, ORy- 
h 6 1 6<Offi7jfcD — C0££-C&3. £<Df£tbs h^-f 

x-t"— h h'7<A-6 i 3&r;B 6 i 2tix^-t-y;u 
$n;t£3;T&5. i/^uw^coiNcoi io^i 

D-T*f*tt*, inSA^tt*^ >A-*6 3 0CO 2? 
iti*ttA-f AMODE10)5VWT^§. £CO 
CtiflMTC, iKOflftO/We 3 0COffl;WA 
ASnSANDy-h 6 2 8 0ffi;&ra7Vf fcft*. 

m^«, ^r^vu i 6 ho-v2 8 co— -ptc-tn 

f n»«s n&«fto h 5-f Xf - h ;t y 7 r 6 l l 
7 6 i icda2H£> ^yeiae 2 6 (C 

by h0^S2 8tt±TfaffltoKA-ffcfe*. CCOjf^ 

ft, NOP (No-Operation) #^t5fe^fC^UT* 

TttNOPMiOVUl 6 3l;^$n^u<h(:^5. 
[0 10 2] CCO^— HcoJcOWL^tt^airXWK:^^ 

[0 10 3] tftfr&IE^-H (AMODEI^: 1 
1) : 1 HRIUTBiWU&J:5^*^JfiffilTffl^*tl|> 
^tt^W-->3>3-H «"*3-H) & ("AL 
U") £*nT*. *25«WT«. 40 

HT«, tfri**£iE[El&8 2tev<£DZJ>hD-y 3 0 

^6e2Sarnfc*^©T(fl:2 by h cr&:fc%, ^-^n 

-HgB<OTfe2by b) ^jETS^tlCfcO* ftttte 

u^-HTtt, AMODEll (3 0 3) ft^fi 
A-YTfe*. »8Hl:iJW 10 (4 4 1) BttXl 1 
(4 4 2) K, WX3 lC0ift^C0 2tP<0^~R£by 50 



&SW4- 2 9 1 6 5 9 
hO, RIErfc, I MOD 1 - O&tfl MOD 1 

- i nmitis^&jEyj'-ji'}* i mod 1 tc^£n*b 

y b-V&K), I MOD 2 - ORtf I MOD 2 - 1 2 

[0 10 4] |2 8^^5V^T, :frU5^VCOlfr<frCOby h 
I 0 &tf I 1 fct, -tn-WlO Ry- h46 1, 4 62l; 
<k^T> ^2^^iE7-<~;PH I MOD 1 cotTy M 
MOD 1-0, I MOD 1 - 1 tCOWTORjKir*^^ 
n, $e>l:ORy-M 6 3, 4 6 4l;<tot^2^ 
^IE7^-;WH I MOD 2 CO by h I MOD 2 - 0, I 

mode 2- i £copflTOR^£#2ns. cne>coo 

RY-haffiattb^X^-h 5 3, 4 

5 4, 4 5 1, 4 5 2tf7Vr<<7<D££\Z, tfflA'X 
16 3l3*$n^. 1 ^D-feyit*/— >l*3 
CO^D-feytrTte, fffii£Lfc<fc5K:-gcm#CO I NC 
1 flnE*****— FTtt, 
AND Y — b 4 0 2CDA7JCO INC11-UAMO 
DEI l^«!:fe{;A-1"C2)5fc^ £<OANDY~h4 
0 2COffl73«A< t^0, h'7-fA4 5 3, 4 5 4£<h 
t)IC7i7^^^tT5. COjS*ORy-h4 6 3, 4 

6 4C0m*^A*A 1 6 3 ICtfJTj R«t»2^D 
*fey1ty->^C0yDir^tfT«> ANDy-h401 
at*>£:73:0, F^<A*4 5 1, 4 5 2&hb\Z7?T 

jftfcv* ^7y-h4 6i, 4 6 2com#?wry]A* 

XI 6 3{Cffi73$n^» &PEteJ£i:7*D-try-tfV-> 
t)K^2yDt>; t*V~ >co £^ 6 KBi U 
■e©W«*^n-feyiM D^X^8 4f^itc^, :/d 
-fey-* I Dl^^rtCOy->MttPROC I Dff^ 
K£ 0 7 K WX-a&Bfc 8 1 t£2l£tX7 H UXA'Xf*|C0 

4 /->»spz i ^ct^p z 2 £jfctfcan-&Lfc«£- 

CO T NC 1 1-1 SfcHCO I NC 1 1 - 2ri<l £fc 
£>. CCOJ:-5lC, H7<A'451t4 5 20ffi<i;453 
t4 5 4©^©^ 17j<0*&<0 A— CD^rt*— BflC 

r^T^tso, S£ot;u i 6 3 _t-c;in6comco 

1. 4 6 2CO^X«4 6 3, 4 6 4 C0*&<OtiJ;*J#3#:tfJ 
^C0Tffi2 by h^UTAA 1 6 3lCffl^$n^. 

[0 10 5] CCT, ^^iEbry McJcS^U^^ 
(o^byhco^iE ( r^gsgj tv^Mffiirsct 

feT^^) C0fe5e>^ORy-h4 6 1-4 6 4£ffflt 
SutH ^co^Dirx^^fflT^^^<cojS^co^ 

[0 10 6] ^CO^{*:^T«, <^<^/U I 3 1 <O0Tt& 
<0 2 by h«^^»3EI3»8 2Jr«k-3T«»Sn, 
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29 

>\z&*7u'ky*y4 7 \zmisXftt>nz> (v-r^nn 

ty^^^A'X (I IB) 5 1 ±»C(fcg*r^^ 

w^^*3si^-r^>) • */->\zm&&fr^m<DPRo 

c i DCioti^n^OT, 7 l/-lc*rr 
[0 10 7] 0 9St^r]>hn-;um^^^-ra>^'> 

^t, -sm coiNcii-i) m 

[^m/U104 (0 4) B^Oy^it 
-r^^7^S12Wl9*624 (y—h^J:^/jN$ 

- (4 5 3^4 5 4 *->0Wc:T* (A-fCD 

[0 10 8] CO^e— HODK»Cl¥Hr>R^«fc^V>T 

iai loK^&^Baocit, 

[ 0 1 0 9 ] m 9 ICtkT £ z> \Zs T H UX/U 3 9 « 6 20 
1 *» £ 6 1 3^618 lc£fr»TI2. y H UX A'X 3 

3, ^n^^tf>f /;;U7^6 1 2S^1 9fr£2 4) 

9 9 (06) K^y^Sn*. 7 y ft*:7 K UX 
tt, /UA1 (0 6) *^UTffifflRTflBT»S^U-f 
^UK^TteT Fl^XA'X (A) 3 9 (Dft^te&fc 
•5. "ttefc)^ 5y7 c £*aTHfcV>7 Kl/X/U 3 9 (D 30 
^iPROC I D7^><hc9Pflc9— g^n-feXKg^ 

H) ^UTl-^. 

[oiio] hi out, »3ig$nfciatt©Rifi83ft»fp^ 

7KI/XAX (A) 3 9H <^-^t$nt^i; 

nft^*7nizyv&m$iTz>t£ib\z&m'2ft2>. ^ 40 

-HTlt 71^-4 0ft<D&7aizyV\Z£^Tnft2 

n5^4 7ico7y^4oiT^. ::tv<^d 

EX -OR (SM&«f»3!*a) ^Tft^t^tS. 0 
&MsZ>ZiftfrZ>£ : 5\Z % TV— 4 0CD±#>e> 6^J}S^-«J 
ytJl/CO^EX-OR (4 7 2) £§£fr-r5<k 5< * 



»BB¥4»2 9 1 6 5 9 

50 

^5£ftlc2frm££i;ft:V>NOP (No-Operation) f3M*£ 

CO I NCO 1 1 T©2*lfc*fLT 
U'kyWJn^.y*)- I Dl/y^^ 8 4M7 Hl/X- 

Kcfcox^en*. m^coiNcoi iowcs 

f bTt-Hilf AMODEl OfeS&MT 

fcsfc&tc, ±co6^jcDyn-fe^it (cn^$nt 

yn-bytfT^-5) iCttbT, ANDy-h6 15 (0 

8) CT)ffi^«A< t^o, cnaotoRy-h6i 

4W6 16C0Hi^t)^M ( i:^?). C<D^ y h7 
<Xf-hA777 6 1 3W6 1 2 9, V 

£A'X 1 6 3KH5S£U fcoTC-^SrtW^t 
X (I IB) 104 (04) lC3H££>. CC7>«t'5JC2^ 
Mfc (mm) #^ CTftfo'&nfiMl^tT. (I IB) 1 
0 4 ±\z$>Z>tit<&) teu v-fi7na>hn— 53 0fc«fc 

^EX-OR^T*5. 
[0 111] 7 U-V>*<DT 2Fl<D?a-tyV (&&*£ 

nx^^v^nir^-tf) KOHTtt, AND^- N 6 1 
5cDtH^«, CO I NCOl 1 Ojftto— -C*SOTD— 

cntC«tDORy-h6 1 4&tf6 1 6 
D-tfc;*,, CCD^, h7-fXf"hA'77r6 13 

A'X 1 6 3^E$££ft*®«S0rLTV**. L^Ufctf 
e-fWt-^ 6 3 OOttiTjte, 7U-O^C0 2^Jcoy 
O^y^Kjtf UTtiA-f <hfcD, iint^-HMAM 
ODEIOW/WTSSC^^, ANDy- h 6 

f^ren (HTtt- oco^*T) ^Wl^:^->t-r 
£>• ^ne»h7<Xf-hA*7776 1 lCOA^tt, 7 
JU7y :7*gf/i6 2 6 0£gcfcD + 5^I/hO«JEte»tt 

3 COSTCO h0^6 2 8 <Z>fiSteA-f 9 , zn\t 
^^fiP^^/N'X I I BKSSigStt*. ^rTcOhTyhdt 

❖^cojflTtt, NOP (No-Operation) *^i:j£«$n 
T^* 0 e:ne»«i:DEIi O^Vy^^n, T2^IJC0 
yaty^lt^s-coNOPIi^rrU «*_bcD#> 

[0 1 1 2] »1 10ft ^^XE^-Hcoa^^fftSi 
^EteCWfca^Tfc*. Ct75^e— KTliT-f ^nn>h 
D — 9 3 0 fCfcoTff^^/tX 3 1 ±.\Zfcmzn7t}&—(D 

*±f&-$-Z>CiL&Bl&t:TZ>. mi 10CO^ICi5V>T, 
7u~tyVy ls-\t&g.<Mtft\z8 x 8<@CO^0^LT 
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^O^iyD-\zX^Xmrf^tl^^(D^y^4 0 1 Tfc 

^•u-«2t3co\/->{-E^^^n, — # aai i<Dftm 
«2*« («ffl) GtoHO t*H*4 

7 5 fc**frU te^ (0 1 1 «:2#cW 
nttH 9 ^RoTMtntfOTTS c t««Te*. El 
COINC1 1 — 1 lJA"f T7» ftfl!!*/— ><O^D-feyit 
OINC1 1 -2K^fi!l*/->COyp*fey-y-^*5^T« 

1M 4&tf7 KUX— &VX^ 1x^X^8 

>l (PZi) fclSU rtfif©V— Vlc**rn-feytf- 

ix7m*yyy—>2 (pz2) tewr*. 
[o l i 33 B8«fco#*>**3K:, pz ncfcs^p 

Oh^^f-h H9-f/t— 4 5 3&tf4 5 4CDtfJ:fr£ 

{£ffi*rs (coinci l-io/wi/^ji/faocn 



32 



*\Z&Z7n±yV)tft&1fa<$?V>m®<D2}Zy HC*fLT 
&<DU<D h^X^-h K9-f/X— 4 5 1RUU 5 2COffi 
^S&fflT* (CO I NC 1 1 - 2CO/W U^)U\ZX D 

cineco A'-s-f^—^nc-r^) . =&m<7)h7 

-f Xf- HA^7t4 5 1, 4 5 2X114 5 3, 4 5 4 
OA*il:ttet-2>ORy- M 6 1. 4 6 2X124 6 
3, 4 6 4H SSftifMHglEfc:';/ h I MODK^T 
*V*S1-)VQ)4tiG\£y h I O&cktf I 1 £>&I8£3=f£*r 

20 X 1 6 3 LTftgSfft^AX 1 0 4 J:£ffifi$nfctft 
^\t. z.v>&o\z^m-fc7 4— ;VH C/n-feyUV— 

yW-> 2 JC*$tt*^D-fey!MC*fUTtt I MOD 
2) tC*fl&t.T^iE$nitMW2^COtf^ H$fUT 

[0114] an \Z7^t^\z\x. ^>j>?^;uco#^ 

(EX-OR^) tt, #ffi»3:i=3/h (ALU) 6 
7 (04) JCJ:oT^U— h*$n-5 20(D2^W^ (3? 

ta) *M*fc*4fcsn*. ::ne>te^tt^n+ (&#) * 

^$n^^co^tV><^>^co2^^^i:co^ 

[0 116] 
US5] 

« 6 ( AMQDE t \ = 1 ) 







- & ? 


ft * 






- * ft 


it 


1 0 


1 1 


12 13 


1 2 9 


1 0 


1 1 


12 13 


1 29 


0 


0 


1 0 


1 (EX OR) 


0 


1 


1 0 


1 (+-) 










1 


1 


1 o 


1 (-) 










1 


0 


1 o 


1 (AND) 



[0 117] CCT^^tlTV^Olt 01 1^11/ 

SSJGD (primary) 2&l$&ift^#^2nT^£ 
(IO#>&I28). £<D^^<Difo<frliEX-OR 

4OC0tfo<frte&T&<E>2 £>y h I 0:fe«fctfl 1 SWt 

©tr^ h i ostfi i ^Dty^z-xoey 

PROCID7^> (±p30 1 1 0>BiWJBD to— » 

(^4) tStM^nS. £<0#£U^#0ra*> 
&^^l:>[tbt-gf:3aroiim 09 til ft 



<&) 7 WTsV—Yvmm (^4) IC*5V> 

40 2^^^^^^tt^M^JcyD-ir^^ru---^T^ffl-r 

[0 118] ^ntyD-7l/-^^±T^}l -t 
[0 119] ^n^ncO^^^teCD^lCctoT®^^ 

5^7 hctt) ; &ii>g^j£<^^nt^e)^^. m%.&. 64®co 
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ibii&IEtZy H*6 My h^&ttniifc: e>feV>. Z\<Dm 

&\zib^miE®mzttvxQimumf$.\z. rom oj- 
H^>u^ : e , j) trsums. ccDROMic^rr 

-S^^^iEtf^ N<hfcD» ROMA>£<Dm2Jte2#:Wft 

CO 12 0] :CTO^mJ2«^«ALU 

#K:*rf*&lE (INSEL, OUTSEL. SHIF 
T, IO, REGSEL, INEN, RtfOEN) t>|S| 

mzftvzttf'vzz. 
[0121] osmm 

n<o* \z&^x±.xmn vti&&m\zmrz>& < <d&j& 

*VnJfrC&£. 20 
[0122] 1 S 2 #Mtt4tWfl3Mi£ti 

ft) f8>^t^FbVi«^^tr. 

[0 1 2 3] ^&C02^^^<7)P-*;^^S:IX 

(KK^X^Aco^T&^nT^A'Xfc^CD 
0 Icv^ ^ a 3 > h D-^{c4:oTKSb$n^S'jcD 

±P$#fiJ^S (time-multiplexed) LfcV*GDT» V-f ^ 

[0 12 4] B2Rtf04fc5*T:/a-t:«y-tM 7 £>:$M 40 
[0 12 5] #Sfiipm, ya-feyU-ru— 4 Oco^O^ 

£\*%i&Lx$zffi'?z>c£tfxg2>. tontinco®. 
fc, 7a±yv£5v<Dmx^-?<D3*mzmmv?t)i' 
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W}fc7 YV*s>V\Z%fl< Z.h*>X&Z>. 

[0126] &&^&ftWz&^xm$*2ntzteELm 

[0127] *x hn>t:^-^ 2 0RtfT-f £d:3> 
ha-73 otta^o^^oitgTfeo, ^ne^ 

[0 12 8] yo-feyy-7U-4 0t«^^^UT^$ 

[0 12 9] ^P-feyU-I DW>*X*8 4 0^«^f 
L*>7U-Ot>©^D-fey1foafe<0ttaW»:7 KUX 

ft) G+*ft&\z&ffT*7n~kyV<Dtf)V--zr£lsX 
[0 13 0] ^Dt^lMDUyX^8 4ttMl/- 
X:?a<gt)ia&ftTfc£) > ^V±y^7U-O^Wl 

[0 13 1] 7 Kl'XAX&tf^P-tiylM Dl/i?X^ 
8 4<Z)t:*y hOft, -gc^ttJ-r^^fcTy h^fJO^T 

[0 13 2] ^^^S^L^^^Bjom^^JJC^^T 
^TcOTH^X/^XT&^TCD^n-kyl^iC^^n 
T^fc. 7 HUXMX75i^D-lr-/-y-^^$n^>WtC7 i 

7\s-<omc&Mmmz&z±x<o7n^yv\z&mt$ 
nx^ crutybmc&u men, xtmv?v>h 

&WLft(D±X<D7u^yV\ZttTZ&MO : ?'y7*tl'? 
7u*yVV~>ft<D7U-<D\Zftn&m i lZ*?2>mzn 

ota>hp-;^ni^ <*j, ff, xkm«> \z® 
mznz. zL<Dm&* m*<D7 kuxh-v h<om^t\t 

£*f — »&fcti:/P-feXte5 s zi--F£7 Hl/Xilt 

[0 13 3] ^^<75^^*tjg^$n 
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35 

Z\(D&o l:bT, if$?CD&i£ (graQularlty) <"T 
ft ^ ± T ft C Sr ^ ff T -6 ^ P *fe v *fr <» H * -f > ^ 

[0 13 4] tS*>\Z, ttO^«tl/T*»«liMIM 
:&V>TW^lx&«fc5fc:, M I MD^PtvU"7U-3 9 

3©^Oty1t7l/-3 9 9TH &*#Jfc— ^^yn 
-t«^1t^;i'-y8 2 1 lCJHT*?n-fey*tm£Tl^i;t& 
^(11) 8 1 3£^I&D, — ^S*WsteteO^O-fey 
V#)\/-78 2 3<D*<D7n1zy*)-\*±TmV$i<£ (I 
6) 8 17^^. PWfc, ^Dty»^-^8 
1 1 fctttf^T^r FWXA'Xfci (A 1) 8 11. 
»^it^;V-^8 2 aC^T^THUXAXti (A6) 
8 l it^at^m 5fcfc«i0IT*fc'*fc 

J; 5 \Z, 7 H VX-SIel^&^^iElHJKSaA/T^ 

^0-11^^^-^8 2 1 
KJtfl/TteAMODE 1 8^-f>l 4, ?UtyW)V 
-7 8 2 3lC*TUTteAMODE6 8 5-f>l 8£*TU 
TV**. 

[0 13 5] EI 1 4 (C^Ufc^lC, &*C0$S#i£B'J* 

V>2^W?5:^niry1f^;U-^C^SiJ^n> 6- 2 JfctfJft 

J 5\Z&*7aHy'&#)),—7a 2 1 ^<D^O"t^it^2 
0<D2^W^yo-fe^ity;U-y8 3 1 ^M^NO 
PSHSfr) W8 3 2 M^EX -OR£^fr) iC 

«rfc, S^^n-b:^it^;w^8 2 3 t)2-3CD2^:6<j^ 

m Rr/8 3 5 otmex-or, shsws&ssi) 

[0 13 6] *g#£LT, fe|DSW<3tft 
^^fTt53X3i^yDtyW6iiD/J^W 



(19) ^¥4- 2 9 1 6 5 9 

£) - 

[0137] o^commm 

ftfiHifSS& , 7^ £7D3> h 3 0Tfe£"3~ 

d»73 O^^^MW*. a)T<^a^^3 l t 

7 H UXA*X 3 9 <7)^3 - ?{b\&*±T(D P EftgfllClS 
[0 13 8] (9 1 5 tt, »l©SfeJS«t»2OSIJB0i|© 

ms0ij 2 <DHSg^cr>]g v> ZTK-rtz&iz^'muinnm 

UMITV>4, S I MDWM^fT^l^ SI 5 

(a) Ttt, V-f ^a*^3 1 £7 HUX/U3 9 

T*fc«>©lsIfttt±T©P EfttCJtO. — ^> 01 5 

(b) Ttt. SEL 1 0 3 lOfl^II:^, ttf-v 

7to\zmmznitimmmfti&&m 1 2 0 o^sow 

SS1 2 0 0 fcfcL KlC^a - H l/fc«©«^*»«ftoJ 
tot, SBl.OSltflMW* 

[0 13 9] 0 1 6tts #PEC0^JCT<hfC-^^i£!§m 

^IT^. 016ICfe^T, 1511 — 15 14, 1 
5 2 1 — 1 5 2 4, 1 5 3 1 — 1 5 3 4, 15 4 1 — 1 
5 4 4ttm^7W4 0fiifiJct*PET»*. 
1 3 0 lttl£K«ffi»£«*IT*D, ±PE*«n-WlC 

fiftrrT^^eiME^^. 1 3 0 2«jl^-C0S I MD7 

40 -f^D^3 1TW^lt^. 1 lOOteifr 
fifc©«lgEtS«gl 2 OOmt 
lf>ft. A^ftffilslMt HOOIt M1301, 13 0 
2*J:^SS3S«tBE1t^ei 2 o o^&CDiffff^^ tic 

ALUftfWTOl 4 10-144 O^J;r5NOP(No OP 
eralioD)m^m-^ 1 4 1 6, 1426, 1436, 14 
4 6£^t§. 

[0140] H17 tC^MlBlK 1100 <»—&\*7h 
T. EH 7tC*5V^T, 4l^Ml9»l 10 011 ^3- 
^IhI^DEC 112 0, l£3Bfl»gEtt^B 1 2 0 0, ir 
50 1/^^2 4 1 0-2 4 4 0IUO«l^nW5. 
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ftig&t&gia i 2 0 oisram. EPROM^tM 

OWTH tt3ttttffi1S£K 1200 1210-12 

- :m, -^n^niite* PE^v-y (1511-15 

14, 1521 — 1 5 2 4, 1 5 3 1 — 1 5 3 4, 1 5 
4 1- 1 5 4 4) C^UTV^. T^-^tHj&DEC 

1 1 2 Oft, t^l 3 0 2$, mft<DS IMD7-=Tf 

-^I§]2&T$>^>. H17©*m;t, m-^1 3 0 2t«5S 
&tgget&£© 1 2 0 0 C07" H UX«^t)^T^?>. -fe 
1x^^2410-2440 13 0 1 

ictti*, ^*i£5§^tg§sti^s i 2 oofc^nfc* 

^ (2 2 1 0-2 2 4 0) tV-f^D^TJt^^n^ 
(xn-y^gSDEC 1 1 2 OCOtfj^-^2 1 2 
0) ©£5&*ALU«1««#1 4 1 0-1 4 4 Oit 
a^SSRTS. 2 2 10 teftSg*8iSf2iig® 12 10 

\zfemzn?t 5 bfy howiit, mc<&aimHett 

SS12 10 KJMASnfeflHHI 12 16 fcoitame 
£ofcm#Tfc5. 2 2 2 0 ttffi&&gg8Btt&S 1 2 2 

&&s 1220 fcftttsnfcfli^tt 1226 zmwanm 

2 2 3 0tttm«B1MMl2 

IBt&lfeB 1 2 3 0 tftlflSnfcfiffl 1 2 3 6 <hCO&EI 
&£<>:o;tm#T&*. 2 24 0ltift»ilBGttSll 

2 4 0K«Hft$nfc5t;yh©«ttt, f^O<ft!£® 

i&Bitmi 1240 n^^n^mw 1246 tco^ 

WfiSfco 1 4 1 6-1 4 4 6I4NOP 

coi4i] &tf % **me!eiB 1100 co««B*sieg 
ts. *H*ftj£isn»i iooh i^e> 

A* Ufc!fc!RttfB#£«^ 13 0 1 Of^fi*! 0 co^§ 

^, 7<^D^3 1^6A*Ufc«»*ie»^«^l 

3 0 2SDEC112 0Tr3- HL&S^2 1 2 0 CO 

m#<a£, -en^nm^ft-^ 1 4 1 0 - 1 4 4 0 ice*. 

5, ffimi 4 1 6, 1426, 1436, 1446 

omnmzo ^t^sss 1 1 o o is, 
d*^3 i^e»A^bfcMMimi 30 icom 

302 *&mmmtt&%im 1 2 0 0 <z>7 h t u 

T, »®«IB8a»^ei 2 1 0K:«rtrt«n&5tfyh(O 
ilWtNOPfiSfi^l 2 1 6t©»3a»[ft, aa© 
#1 4 1 PWIC, 1220-1240 Kte 

ttanfc5 try ho^itNOPitmi 226, 

1 2 3 6, 1 2 4 6 £<DtilW&&. -tn-fnttiflft* 1 
420, 1430, 1440 \ZfoX5>. Wtlff # 1 4 1 

6, 1426, 1436, 1446 COm^ilte, *rft* 
nNOP^if 1 2 1 6, 1 2 2 6, 1 2 3 6, 1 2 

4 6OOTffl*«0©«-&O*, l^ra. 



(20) WW4-2 9 1 6 5 9 

[0 142] lS118JC-fe:U^^241 OO^aBElKBlS 
^To -feW^^ 2 4 2 0-2 4 4 0 feR— 
tH^2410 ttfi£®«lgm^m^ 13 0 1 
#0 11^2121-212 5C0{g#fit£, -?-n 

•^nai^ra^ 1411-1415 \zfexz>. tittmi^ 1 
4 1 ecom^Htteoife*. i£3S&t&|g£fi# 1 30 1 
orn^mw 1 m# 2211-2215 om^rn 
£, -en^nm^m^ 1411-1415 ice**, m 
-hmm 4 1 eom^fe^NOPm^m^i 2 1 6 com 
io cot^o, ocoti* 1 cict, m^2 

2 1 1 - 2 2 1 5 ■tn^n««flBtt#g! 12101: 
»<rt*nfc5 tfy hcom-^fittNop^m^i 2 1 6 

[0143] 01 9 \znm&ws&t^—v b <alu> 

16 10 co— #]£^:T. 13 1 9 C43^iT, 1 6 1 1 £ 1 
6 1 2fctALU 1 6 1 OCDA^m-^TfcO, 1 6 1 3 ft 
W^m-^T^^>c 1 4 1 1 — 1 4 1 5teALU 1 6 1 0 
<Dfflmm*%'V&Z>. 5#CDfMWg^C9<5-£, 14 11- 
1 4 1 3<Dm*5m\Z<kV. AND, OR, EOR, AD 

1 4 1 4COft*Hia<lCO<>:£, X< y^l 0 6 3&*> 

tt&tfto, A^m^i 6 1 2<omnm (s) 
sfctejflsn*. swm^i 4 1 4oiswooi 
x^^^i 0 6 4^>^ggt^o, x-timm 6 
1 2<om^ffl&steLfc« (-s) &&nmm\zmm-z 

1 0 6 iat*>ttffiifcD, A*©#1 6 1 10^1 

(R) 3&*«»«i3Bfcffiffl$n*. STONED 1 4 1 5 COft 

0 CO Myfl 0 6 2*t>«»i&0, 

^ a^m^i 6 1 i<o«-i»ffl€siEUfcffl (-r) t»mn 
$m\z&mzrL2>. tttiv. x-i-y^i 0 6 1-1 0 6 

tt-c&s. ftgwrn^- 1411-1415 com^fiii:^ 

&S«ffc (ALUTO *J;l^-f^a^O»«t 
* 3 - K COK^^r^ 6 
[0144186H 8 &&0«2Hgl3ftllg (ALU® 

ffi) tc^bx, ^tR^3s«sg^^-r*fc»coftuwm 

#14 11-14 1 5com#ffi (5ty h) £<i:tfT-f 
^atfr^TCO#tfkT*3- H Ofcfyh) £^LTV> 

40 

[0 14 5] 
C«6] 



50 
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(21) 

39 
^ 6 



D — H 


a l insise 


a l uwmts^ 


1 

3 
0 
2 


11111 

4 4 4 4 4 
11111 

5 4 3 2 1 


0 0 0 


R + S 


11110 


0 0 1 


R - S 


10 110 


0 1 0 


R@S 


110 10 


0 1 1 


rOs 


10 0 10 


1 0 0 


S - R 


0 1110 


1 0 1 


R A S 


110 11 


1 1 0 


R V S 


110 0 0 


1 1 1 


R A S 


110 11 



10 



[0146] ft^T, mwmm 411-141 s<o® 



m& (Sfcfyh) §PEutl:f^01 7\ZK^& 20 

mmmmfem^ 1301 oi-tt^ 1 ^pe^ 

[0 14 7] PE 
ftWICfcO, tt3Sil!BEttfill2 10'vl 2 4 0l:tt 

tt 3 - h cb & p e ?)i>- -f&mnmmmm&wate* 

-f, 1 5 1 0- 1 5 4 OfiPE^-^LTV^. 
ft^&tlSBt&gm 1 2 10—124 OCO^-h&ty h\$ 

5£®^teS3tS^@ 1 2 10-124 OOTteSfcT^ hte 

^6 \z7fkistcffl$$mm 411-141 svm^m. cs 
tr* K) t&s. -tfe*^ is®tKtg82<6se 1 2 1 0 

-124O07K^O^t5t, PE^JV-^1 
5 10tl 5 2 0ttW^frL> PE^-yi5 3 
0^ 1 5 4 0 tt«^€HfT-r S. T H V7s 1 SttJET* 
PE^-^1 5 1 0, 1 5 2 0 i: 1 5 4 0 KtflDg 
£35fxU PE^-yi 5 3 0«NOPt^. 7H 
PX2$fim<!:, PE^-^1 5 1 0i;3m£ft& 
&ftls. PEyjP-^1 5 2 0, 1530£l540te 40 
t^Sfa^^ff-r^* 7Hl/X3^nt, PE^ 
-^1 5 1 0YZtSm&&ft U PE^~7 r 1 5 2 0»S 
m&&&ffV* PE^-^1 5 3 0«»»$ 
3I?tU PE^-^1 5 4 0tt^3^faS:^ffT^>. El 

fcggEtgg® 1 2 1 0-1 2 4 0 fcfctAT**. 
[0 14 8] g7 K> 0 1 7l:^Ucf3-^l I 2 0 

[0 14 9] 

t*7] 50 
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40 
^ 7 



7^^a 

3 — K 


a l o#mm^ 

zt - K 


1 

3 
0 
2 


2 2 2 2 2 
11111 
2 2 2 2 2 
5 4 3 2 1 


0 0 0 


11110 


0 0 1 


10 110 


0 1 0 


110 10 


0 1 1 


10 0 10 


1 0 0 


0 1110 


1 0 1 


0 10 11 


1 1 o 


110 0 0 


1 1 1 


110 11 



CO 1 5 0] A?>m*$ 1 3 0 2-cm^Ufc^- FKfiE 
&6K5i«UfcALUfHW5#l 411-1415© 

^6\z^ttBmm<ow»9mmt& (alu®i&) 

[0 1 5 1] 02 1 fi> 01 7K^Lfc<fr«frfc£Eiai 
1 0 O^^V^^CD^iya-fe'yl^O— ^JT*^>. 0 2 
lfc&WT, 4 0ttWPt7^it5LSIT 
1 5 1 0- 1 5 4 OtemWa^yVZffi&'rZ 

PETfe^. ls i 4 0ft ^-r^n^^3 l-cra^u 

fc*tK*te*t3t«^ 13 0 1 **t«»«ffi»JS«^ 1 

3 0 2 fctfr^ifefclHlft 110 0 0A^3 1 UT, PE 1 0 
«SE«tB<0^ffll«-^ 1 4 11-14 1 SiJ^NOPi 

izmm 4 1 6s^ts. mmz, pv2<Dmnmm 

(DMWB** 1 4 2 1 — 1 4 2 5&cJ:tfNOPfOTilfM-l 

4 2 6 ££fifc-T*o P E 3 0>&&mt&<DMWm^ 1 4 3 
1- 1 4 3 5*iJ:l*NOPfBIW«^l 4 3 6 ^^-T 

P E 4 C0«ff«tB©ifif«im^ 1 4 4 1-1 4 4 543 
^NOPUWflf 1 4 4 6££fi£-r<5. 

[0 1 5 23 0 2 2«PE KD—m&WV&Z. PE2 
-P E 4 *>[p|-18f£T&5. 0 2 2 \Z^X. 16 10 

\*&®t&mm&mw (alu) , 1 6 1 1 (r) tie 

12 (S)I4ALU16 1 0<DAtjm^ 1 6 1 3 ttttl 
2>{I-Grc&£. 1 6 2 0fi->7^ (SFT) , 1630 
teVimUztX* (REG) , 1 6 4 0}»W^ 
^mt^^mV'^^ (REG (W) ) , 165 0 

ma pea^ a^j 5 s - * fctoffrT* A* <H y 

77 (IB), 1 6 6 0tetePE-sCDffl*-r-^£-H$ 
Wfc»tt-r*ffi*A<5/7:r (OB) 165 Hi 

ffiPEfr6«A;&x-*fcftA*fca©E*U 166 1 
^tePE^<Dai^^~^$:e^^^ie)CDSS^T&^, 1 
6 7 0^<tt;i 6 8 0tt, REG1630, REG 
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(W) 1 6 4 OSfcttI B 1 6 5 Oa>5ALU 1 6 1 0 
^CDA^-^^^afciSCDAX, 1 6 9 0H AL 
U16 10(O^^REG (W) 1 6 4 0^«O 
B 1 6 6 0 ^£A5*:8&(Z>AXTi&£. 3 2HPE 1 t 

p e i &mw?ztz&<D®m®n\*&MLT 

[0153] 02 3(1 02 2fc7*-f PE£rfOTrr37t 

3\Z&^Ts -JVF 1 te/^X 1 6 7 O^CDA^TG^ i0 

1 6 8 0 ^<DXtJ7U*5<£Zf/*X 16 8 O^&Offl* 
5»c£^T. 7^-^H3IJ/Ul 6 9 O^COA^7C*5«t 
t;/Ul6 9O*>^0tiiM^t. 7-f-;H*4ttAC 
X3 2^<DA2>7C*5cfctfAX3 2A^COa^5fe$^-r, 
7-f -^KS^ALUCD^^^^-T^. ALUS) 

s^v-*-* (mux) <z>mm*ff5. mmmizmzAi. 
mzzs?? (sft) KH-r*«mi£f?5. T<^on a? 

[0 154] 
[S8] 

31 8 



a — K 


A L U V - X 
K 


I 2 I . 1 0 


R 


s 


0 0 0 


/< X A 


/< X A 


0 0 1 


/< X A 


/< X B 


0 1 0 


/< X A 


0 E9 £ 


0 1 1 


0 Q £ 


/< X A 


1 0 0 


/< X D 


/< X A 


1 0 1 


/< X O 


/< X B 


1 1 0 


X D 


0 © 3£ 


1 1 1 


OSS 


/< X B 
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[0 15 5] 
[*9] 

^ 0 



a - K 


A L Uflfeftg 


1. U I. 


0 0 0 


R + S 


0 0 1 


R - S 


0 1 0 


R®S 


0 1 1 


R0s 


10 0 


S - R 


1 0 1 


R AS 


1 1 0 


RVS 


111 


R AS 



[0 15 6] 
C*l 03 
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(23) 
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S F T 












t«m 


a - KM 


\± 




$ft8*$£ 


□ -KM 


SFT*« 


=3- KM 


REG 


1 10 




I 9 U 




It 




16 


A*) 


0 


ALU 


0 0 




0 




0 


ALU 






0 1 












1 




1 0 


^>7 h 


1 




1 


/<xC 






1 1 






maw 







[0 15 7] meMHRtBtt&ft* 1 3 0 2ft ^8CD 

1 o - 1 2 fc*tf&f*. &3g$t&lf 5£m*t 130 1H El 

2 3 fC^Tv-r^D^CD^^-vy bK:iIJnT*#g 

[0 15 8] T-f *D**3 lTHHlfc, 

ALU©*ffi»3e3- H 1 0 3 2*5J:t«fcKtttB»3t3 
- K 1 0 3 1 fcSWB^D-feylM OSrSI^-TSPE^Jl/ # 
-71 5 10 — 154 0©tfcJ*8ttB£G)3*Jf&£^UTV> 

*. ft35«tBt££:3-Kl 0 3 ltfoefc*. pe^;u 
-71510-1540 K£TP»|--©«3* S»tT*. 
£fTT*iSWtt, «6Kl^lyfcT-f *d3-K (ALU 
OM»J£3-H 1 0 3 2) &ALU«ffi0ttAttfc!t 
5. H 10 3 ALUro 

®fgJS£n -H 1 0 3 21^2 0 &3i*Ufett9UKttGtt 
SS1 2 1 0-1 2 4 0O7H WXjf UT^t^n 

* 0 -r^t^ ?tb&mmf&ta&&m 1210-124 
tttett *n^n©PE^-^e*ff*n«. alu 
[0159] «±<d§6J6Mtw:, ^PE7;u-7ri{c 

[0 16 0] «±©Ste»«T?tt, &3§®llSi2t&g@£L 

s 1 rt^i^Bftcst^T^ws^ufc. s-PErt 

[0 16 1] 02 5H &PEf^C0U^X^C7)— ffiSffi 

5fc*JHT, 4 0li7nt7t7K, 1510—15 
4 0ttt^J7'otylJ-£Mt^PE'C*^. 130 1 
te&3g&fiBra£{t^T&S. 1 3 0 2teALUCO}£#® 

mmfemH-v&o. Y-f^n^3iw^^i 

T^S. 1 1 1 Ott^a-^KT&D, &3B«&ffit& 
£BW7 K ^^S^ftf 1111 £m*?-<5. 112 0 
RBI 7 fc^Ufc^n-^lHlKH 1 2 OTfcD, ALU 
ft!lWm^2 1 2 0Sffl*-r*. 3 2^hMtP 

02 5TB, PE 1 5 1 0ZM\ZtQ* W&WmU 50 



tt£@ 12 10 fcB8iira«*€ria^UT^«i, P E 1 
5 2 0-1 5 4 0 feRI— «JS£T»*. PE1510!:* 
HT. 1 6 1 0 (2H 1 9 \Z7fi\slZ%ffitimmM3*=.y h 
(ALU) T&D, 1 2 1 0t2t»«ttfB1tSllBfiUy 

12 1 0^OALU(&]i^a- K^flMftKfr^-^/t 
X32^£>?t5. 2 4 1 Ott-feV'^lHlKT&O, &3S 

^figm^ft^ 1301 com-^fiiic^v^ t&ssttflgssift^ 
mi 2 1 o^^^ffi$nfcALuco^m^2 2 1 0 

S§H3:DEC1 1 2 0<Z>ttJ#f§*f2 1 2 0£3flU 
&**6<Jft A LUOiiil^ 14 10 1217B 
NOPH^fTfeS. 1 6 7 043cktfl 6 8 OteAL 
U 1 6 1 0'^<DAJ]'7 : --*&fcjLZ>fztb<D/^ 169 
0liALUO^1^5^J6(D;UT*5. 0 2 
5TH ^D-^^PHUU(OtfALU16 10 
^(D^-^A^ff^n*. fO*;^PH2^1 

©<h^&5§^tgf2®s©i 2 1 o^e^-^oai^fT 

[0 16 2] ^±C0^^JT«, ±TCOffi5l^tg|21t^ 
W^-0)7 Kl'X3ftm^&ffiV>*W£3Kb;fc. 

RlfTC**. rKl'XattWW^-fimfSMfrS: 
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